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Wistar rats, the concentration of conjugated cholic acid was 41.3 (SD 11.7) nmol/g of tissue, of sulfoglycolithocholic acid 5.1 (SD 2.3) nmol/g of tissue.
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Investigations of bile acid metabolism require a sensitive method, because only small tissue samples are available. Gas-chromatographic and mass-spectroscopic techniques restrict the number of samples that can be assayed because of the time-consuming preparation and the need for highly qualified personnel. Therefore, we have modified two commercially available radioimmunoassay test kits sothat they can be used to determine bile acids in alcoholic extracts of various tissues. Under these conditions, bile acid concentra- In healthy humans, small amounts of bile acids appear in the urine, but the nature of these bile acids is largely unknown (1, 2). Renal elimination of bile acid becomes quantitatively important in cholestasis and cirrhosis of the liver (3) (4) (5) (6) .
Materials and Methods

Materials
The following materials were from commercial sources: sodium salts or free acids of cholylglycine (CG), glycochenodeoxycholic acid, taurolithocholic acid, lithocholic acid, sul- for 1 h at room temperature, 2.0 mL of polyethylene glycol is added, and they are centrifuged (1000 x g, 10 mm). The supernates are decanted, and the radioactivity in each tube is determined with a gamma counter.
Assay results are calculated based on log-logit transformation.
For determination of crossreactivity, precision, and accuracy, bile acid standards were added to bile-acid-free serum and buffer as described below.
Bile-acid-free serum is prepared by stirring 100 mL of serum with 5 g of charcoal for 30 mm. After centrifugation (1000 x g, 20 mm) the supernatant fluid is passed through a filter of 0.22-tm pore size.
Buffer solutions consist of a solution containing, per liter, 4.5 g of sodium chloride, 50 mmol of phosphate, 20 g of thimerosal,
and human albumin and pure bovine gamma globulin. For determination of protein effects we used different albumin solutions (20, 30, and 70 gIL), and albuminglobulin solutions (20, 30, and 70 g of albumin per liter plus, respectively,
10, 20, and 30 g of gamma globulin per liter).
For analysis of samples we prefer two buffer solutions: Buffer 1 contains 100 g of albumin and 50 g of bovine gamma globulin per liter. Buffer 2 is prepared by diluting buffer 1 with an equal volume of physiological saline.
Tissue crtraction. Homogenize 500 mg of tissue with 1 mL of 90 mg/L sodium chloride solution in a Potter homogenizer. Reflux the homogenate with 8 mL of methanol for 10 mm and centrifuge after cooling to room temperature. Evaporate the supernate and redissolve the residue in 1 mL of ethanol. After mixing with 2 mL of buffer 2 and 1 mL of buffer 1, use 25 jL for the radioimmunoassay. Pass bile through a 0.22-m filter immediately after collection, and dilute to the required concentration with buffer 2. Dilute urine samples with an equal volume of buffer 1 after passing the urine through a 0.22-gm filter. For enzymatic bile acid determination we used the procedure of Iwata and Yamasaki (7).
Subjects
Sixty-four healthy volunteers (33 men, 31 women; mean age 29 years) collected 24-h urine specimens. From biopsies performed in 10 patients with non-cholestatic liver disease (fatty liver, chronic hepatitis, cirrhosis) for histological examination, part of the specimen was used in the present investigation.
Informed consent was obtained from each patient.
We used 27 male Wistar rats (mean body weight, 320 g) as controls
in bile acid kinetic studies. The liver was removed after cannulation of the portal vein and the common bile duct. The portal catheter was connected with a pump to wash the liver in vitro for 10 mm with physiological saline.
Results
Standard Curve
The standard curve obtained by log-logit transformation is not linear over the whole range of concentrations as indicated by the manufacturer. Reproducibility is best in the range between 0.5 and 10.0 prnolfL for the CG radioimmunoassay and between 0.5 and 2.0 mol/L for the SLOG radioimmunoassay (Figures 1 and 2) . A typical standard curve prepared with use of 1 pmol of tracer per tube has aB0 and nonspecific binding of approximately 60% and 5% (CGradioimmunoassay) or 65% and 9% (SLCG radioimmunoassay).
The 50% intercept (B/B0 = 0.5) is 3.1 (SD Dilutions of bile, urine, and rat liver extracts gave a linear response, indicating no interference.
To evaluate the reproducibility of the assays, we assayed two serum pools, one bile, one rat-liver pool, and three urine pools in replicates of five in four separate runs on each of 10 __________________________ different days. Inter-assay, intra-assay, and total variability (the grand mean over the 10 runs) was computed (Table 3) . 
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pmol/L pniol/L 1tmol/L 1anol/L
Accuracy and Precision
Analytical recovery, a reflection of accuracy, was evaluated by assayingknown amounts of added cholylglycine and sulfoglycolithocholic acid in five concentrations from 0.1 to 400.0 j.&mol/L to buffer 2, and in one concentration to bileacid-free serum, buffer 2, urine, or liver extract (Table 2) . Recovery was approximately 94% for cholylglycine, 99% for sulfoglycolithocholic acid.
Furthermore, when 0.1 mol each of cholylglycine and sulfoglycolithocholic acid was added to 500 mg of rat liver tissue before extraction, no difference in recovery was found.
Comparison with Enzymatic Bile Acid Determination
Bile obtained from six patients with biliary drainage was thin-layer chromatographed according to Hofmann (10).
After extraction from the silica gel the concentration of cholylglycine was determined enzymatically.
The results correlate well with these by radioimmunological determination (CG radioimmunoassay) (Table 5) . Measuring bile directly, we have found somewhat higher values with the radioimmunoassay.
There are two reasons for this. During preparation and thin-layer chromatography of bile, about 10% of the cholylglycine is lost. The CG radioimmunoassay cross reacts with taurocholic acid (31.9%) and glycochenodeoxycholic acid (12.9%), which are also present in bile. Nevertheless, the results show that the radioinununoassay is accurate in spite of the high dilution of the bile fluid. <10% of all bile acids in the liver (15, 16) . The small but measurable amount of sulfoglycolithocholic acid (5.1 ± 2.3 nmollg) in rat liver seems to be remarkable because sulfated glycolithocholic acid is not detectable in the serum of healthy rats (Table 6) Our results indicate that these two commercially avail-13. 9 14.7 +0.9 able radioimmunoassays can be used under the described The CG and SLCG radioimmunoassays are characterized by their different specificity. The unsulfated bile acids are determined as and represented by conjugated cholic acid, and the sulfated bile acids by sulfoglycolithocholic acid. These radioinununoassays are currently used for bile acid determination in serum (11) (12) (13) (14) . In contrast to other radioimmunoassays, no prior serum extraction is necessary with these two methods.
To measure the concentration of bile acid in tissues, alcoholic extraction is mandatory, to extract bile acids bound to cellular structures. The present studies show that We thank Dr. Alfred Bodenberger for manuscript preparation. 
